Although estrogen is known to play a crucial role in the pathogenesis of breast cancer, the molecular mechanisms underlying the action of estrogen remain elusive. In the present study, we focused on keratinocyte growth factor (KGF) and its receptor (KGFR) in the pathogenesis of breast cancer, as a growth factor mediating estrogen action, since significant roles of KGF were demonstrated in various steroid hormone-dependent tissues. First, using paraffin-embedded specimens from 42 breast cancer patients, we examined expression patterns of KGF and KGFR by both immunohistochemistry using newly generated antibodies and nonradioactive in situ hybridization with T-T dimerized synthetic oligonucleotide probes. We next compared the results with the expression of estrogen receptor (ER) a and b, proliferative activity and apoptotic frequency (TUNEL staining). Also, the similar approaches were taken to analyze the expression and role of KGF in ERpositive (MCF7, ZR-75-1) and ER-negative (SK-BR-3, MDA-MB-231) human breast cancer cell lines in vitro. In the surgical specimens, KGF was expressed in cancer cells as well as stromal cells in 19/42 cases (45%), while KGFR was found in cancer cells in 24/42 cases (57%). The distribution of protein and mRNA in the analysis of both KGF and KGFR expression generally coincided. Moreover, KGF expression was closely associated with the expression of ER a, and the coexpression of KGF and KGFR significantly correlated with lower TUNEL index, but not with proliferative activity. In accordance with the in vivo findings, KGF expression was detected only in ER a-positive MCF7 and ZR-75-1 cells in vitro. And more importantly, we found the inhibitory effect of KGF upon the induction of apoptosis by anticancer drugs in MCF7 cells. Collectively, our results indicate that ER a may be involved in KGF expression, and that KGF may play antiapoptotic roles, rather than mitogenic, in human breast cancer.
Breast cancer is the most frequent malignant tumor of women in the USA and European countries. In Japan, the frequency of breast cancer has rapidly increased during the last decade, and currently approximately 20 000 women develop breast cancer per year. However, our knowledge of the development and progression of breast cancer is still largely limited. The proliferation and differentiation of breast cancer cells are influenced by estrogen, [1] [2] [3] which exerts its action through binding to estrogen receptor (ER). Currently, ER is categorized into two subtypes, ER a and b, and both are believed to act as an active transcription factor, which binds to a specific DNA segment such as the estrogen responsive element (ERE) and AP-1 site, to regulate the expression of a variety of genes. 4, 5 The majority of human breast cancer cells express both ER a and ER b. 6 While ER a is regarded as an indicator of good prognosis, 6 the correlation of ER b expression with tamoxifen-sensitivity and prognosis is highly controversial. [6] [7] [8] Several locally synthesized polypeptide growth factors and their receptors are known to interact with estrogen in the pathogenesis of breast cancer. For example, expression of transforming growth factor-a is induced by estrogen and stimulates proliferation of breast cancer cells. 9, 10 On the other hand, HER2 (erbB-2), known as a marker of poor prognosis in human breast cancer, 11, 12 is downregulated by estrogen in an ER-dependent fashion. 12, 13 However, the role of growth factors in the pathogenesis of breast cancer, including their interactions with estrogen, is very complicated and largely unclarified. Keratinocyte growth factor (KGF), also known as fibroblast growth factor (FGF)-7, was originally discovered by Rubin et al 14 as a unique member of the FGF family. KGF appeared to be synthesized and secreted by stromal cells and to act on epithelial cells specifically through a high-affinity receptor for KGF (KGFR). [14] [15] [16] Therefore, KGF is considered to be a unidirectional paracrine effector that regulates normal epithelial cell proliferation. 15 In particular, KGF appears to be an essential mediator of steroids in various reproductive organs as andromedin 17 and progestomedin. 18 Indeed, KGF mRNA was detected in isolated stromal cells from human breast cancer 19, 20 and was upregulated by estrogen. 20 However, there was a significant variation in the level of KGF mRNA, and the significance of its expression in breast cancer tissue remains highly controversial. 19, 20 Moreover, KGF is known to have diverse effects, such as inhibition of apoptosis [21] [22] [23] and regulation of cell differentiation. [24] [25] [26] To help clarify these issues, it is desirable to localize KGF and KGFR at a cellular level in tissue sections of human breast cancer. Although KGF mRNA expression in ruminant mammary gland was previously detected by in situ hybridization using autoradiography, 27 there have been no reports on immunohistochemical analysis of KGF and KGFR expression in human breast cancer tissue. Considering that the state of mRNA preservation in human surgical specimens can vary considerably, 28 the analysis of protein expression by immunohistochemistry might yield more convincing information. However, mainly because of the lack of reliable antibodies for KGF and KGFR, studies of KGF and KGFR proteins have been limited.
The present study was designed to assess the significance of KGF and KGFR expression in the pathogenesis of human breast cancer. For this purpose, we localized KGF and KGFR in surgical specimens of human breast cancer using newly prepared antibodies for them. Furthermore, expression of KGF and KGFR was examined at the mRNA level by in situ hybridization. We then compared the KGF and/or KGFR expression with ER a and b expression, proliferative activity, and the frequency of apoptosis. We also investigated the association between ERs and KGF expressions and the effect of KGF on the induction of apoptosis in breast cancer cells in vitro. As a result, in surgical specimens, KGF and KGFR were detected in cancer cells and KGF expression was tightly associated with ER a expression. Moreover, coexpression of KGF and KGFR significantly correlated with lower frequency of apoptosis in vivo. In addition, we detected KGF expression only in ER a-positive breast cell lines, but not in ER a-negative ones. Also, it was found that KGF significantly decreased the frequency of apoptotic cells induced by anticancer drugs in MCF7 cells. These results indicate that KGF expression in breast cancer cells may depend upon the presence of ER a, and that KGF may play an inhibitory role in the induction of breast cell apoptosis in an autocrine and/or paracrine manner.
Materials and methods

Biochemicals and Chemicals
Paraformaldehyde was purchased from Merck (Darmstadt, Germany). 3,3 0 -diaminobenzidine/ 4 HCl (DAB) and ethylenediaminetetraacetic acid was purchased from Dojin Laboratories (Kumamoto, Japan). Mixed-bed resin (AG501-X8 (D) Resin 20-50 mesh) was purchased from Bio-Rad Laboratories (Tokyo, Japan). Proteinase K, bovine serum albumin (BSA, minimum 98%, electrophoresis), yeast transfer RNA (type X-SA), salmon testis DNA, dextran sulfate, polyadenylic acid, heparin, Brij 35, Triton X-100, 3-aminopropyltriethoxysilane, 17b-estradiol, cyclophosphamide, and 5-fluorouracil were purchased from Sigma Chemical Co. (St Louis, MO, USA). Formamide (nuclease and protease free) was purchased from Nacalai Tesque (Kyoto, Japan). Biotin-16-dUTP and terminal deoxynucleotidyl transferase (TdT) were from Roche (Mannheim, Germany). RPMI 1640 was from Invitrogen (Carlsbad, CA, USA). Dextran-coated charcoal-treated fetal bovine serum was from ThermoTrace (Melbourne, Australia). Penicillin potassium and streptomycin sulfate were purchased from Meiji, Ltd. (Tokyo, Japan). Recombinant human KGF was from Peprotech (London, UK). Hoechst 33342 dye was from Calbiochem (La Jolla, CA, USA). All other reagents used in this study were purchased from Wako Pure Chemicals (Osaka, Japan) and were of analytical grade.
Antibodies for KGF and KGFR
Polyclonal antibodies against KGF and KGFR were prepared by immunization of rabbits against synthetic peptides in cooperation with Nichirei Co. (Tokyo, Japan) as previously described. 29 For immunohistochemical analysis, anti-KGF antibody (5 mg/ml) and anti-KGFR antisera (1:600) were used to identify KGF or KGFR expression, respectively, which yielded the highest signal/noise ratio in paraffin-embedded sections of human breast cancer tissues.
Other Antibodies
A mouse monoclonal antibody against human ER a (0.3 mg/ml) was purchased from DAKO (Glostrup, Denmark). A mouse monoclonal antibody against human Ki-67 (0.5 mg/ml) was purchased from Immunotech (Marseille, France). Rabbit anti-human ER b antiserum (1:400) was generated as previously described 30, 31 and kindly provided by Dr Muramatsu (Future Program Research Division, Saitama Medical School). Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG F (ab)' (1:200) was purchased from MBL (Nagoya, Japan). HRP-goat anti-mouse IgG F (ab)' (1:200) was purchased from Chemicon International (Temecula, CA, USA). HRPmouse anti-T-T antibody (1:80) was obtained from Kyowa Medex (Shizuoka, Japan). HRP-goat antibiotin antibody (1:100) was from Vector Laboratories (Burlingame, CA, USA). Normal goat IgG, normal rabbit IgG, and normal mouse IgG were from Sigma Chemical Co. Normal goat serum and normal rabbit serum were purchased from DAKO.
Tissue Collection and Preparation
In all, 42 cases of human breast cancer tissues were surgically resected from 1998 to 2001 and diagnosed histologically as carcinoma. Totally, 36 cases were invasive ductal carcinoma, six cases were invasive lobular carcinoma. All patients were female, the average age was 55.7713.9 years, and did not have preoperative tamoxifen treatment. All patients or their next of kin provided informed consent for participation in the clinical study. The tissues were fixed with 4% paraformaldehyde in PBS and embedded in paraffin. Serial sections were cut at 5 mm thickness and then placed onto 3-aminopropyltriethoxysilane-coated glass slides.
Cell Culture
MCF7, ZR-75-1 and SK-BR-3 were obtained from Cell Resource Center for Biomedical Research Institute of Development, Aging and Cancer, Tohoku University (Sendai, Japan). MDA-MB-231 was purchased from ATCC (Manassas, VA, USA). For the analysis of KGF expression, cells were incubated for 1 week in phenol-red free RPMI 1640 medium, supplemented with 100 U/ml penicillin potassium, 100 mg/ml streptomycin sulfate, and 10% dextrancoated charcoal-treated fetal bovine serum at 371C and 5% CO 2 . The cells were further incubated in the chamber slides (Lab-Tek, Nalge Nunc International, Naperville, IL, USA) in the absence or presence of 10 nM 17b-estradiol for 2 more days. After fixation with 4% paraformaldehyde in PBS for 10 min at RT, the slides were subjected to enzyme immunohistochemistry. For the analysis of the antiapoptotic effect of KGF, the cells were incubated for 1 day in RPMI 1640 medium supplemented with the antibiotics and 0.1% dextran-coated charcoaltreated fetal bovine serum at 371C and 5% CO 2 . Then 25 mg/ml 5-fluorouracil or 500 mg/ml cyclophosphamide were added with or without 10 ng/ml recombinant human KGF and further incubated for 2 days. After fixation with 4% paraformaldehyde in PBS, the staining with Hoechst 33342 was performed and the frequency of cells with nuclear fragmentation as an indicator of apoptosis was calculated. 32 
Immunohistochemistry
Enzyme immunohistochemistry was performed to examine the expression of KGF, KGFR, ER a, ER b, and Ki-67 in breast cancer tissue. Paraffin sections of breast cancer were deparaffinized with toluene and rehydrated with serially graded ethanol solutions. For KGFR, the sections were immersed in 0.2% Triton X-100 in PBS for 10 min at room temperature (RT). The sections were autoclaved at 1211C for 15 min (for ER a and Ki-67) or microwaved at 951C for 20 min (for ER b) in 10 mM citrate buffer (pH 6.0). After inactivation of endogenous peroxidase activity with 0.3% H 2 O 2 in methanol for 15 min at RT, the sections were preincubated with blocking solution for 1 h at RT. For KGFR and ER b, 10% normal goat serum and 1% BSA in PBS was used as a blocking solution. For the others, 500 mg/ml normal goat IgG and 1% BSA in PBS was used. The sections were then incubated with the first antibodies for 2 h (KGF and KGFR) or overnight (ER a, ER b, and Ki-67) at RT. After incubation, slides were washed 3 times with 0.075% Brij 35 in PBS. Then sections were reacted with HRP-goat anti-rabbit IgG (1:200) or HRP-goat anti-mouse IgG (1:200) for 1 h at RT and washed 3 times with 0.075% Brij 35 in PBS. HRP sites were visualized with H 2 O 2 and DAB solution 33 or H 2 O 2 and DAB in the presence of nickel and cobalt ions. 34 As a negative control, normal rabbit IgG, normal rabbit serum, or normal mouse IgG was used instead of the first antibody in each run. For colocalization of ERs and KGF, the sections were stained with anti-KGF antibody according to the protocol described above, and HRP sites were visualized with H 2 O 2 and DAB solution. Then the sections were immersed in PBS and autoclaved in 10 mM citrate buffer (pH 6.0) for 15 min at 1211C for 15 min. The sections were immersed in 0.1 M glycine-HCl buffer (pH 2.2) for 30 min 3 times, and rinsed with Milli-Q water once and immersed in PBS. Then the sections were stained with anti-ER antibody, as described above. HRP sites were visualized with H 2 O 2 and 4-chloro-1-naphthol solution. 35 
Probes and Labeling
Sense and antisense oligo-DNA sequences corresponding to nucleotides No. 648-683 of the human KGF cDNA sequence 15 and nucleotides No. 1388-1432 of the human KGFR cDNA 16 were synthesized on a DNA synthesizer. These 36-and 45-base oligo-DNAs were added with two repeats of adenine-thymine-thymine at the 5 0 ends, and two or three repeats of it at the 3 0 ends of 36-base oligo-DNAs and 45-base oligo-DNAs, respectively, for thymine-thymine (T-T) dimers. 36 We conducted a computer-assisted search (GenBank nucleic acid sequence database Release 129) of the above KGF and KGFR oligo-DNA sequences (without adenine-thymine-thymine repeats) and found 100% homology with those mRNA sequences. These KGF and KGFR oligo-DNAs were haptenized by introducing T-T dimers by 12 000 J/m 2 ultraviolet irradiation, as described previously. 36, 37 We performed preliminary immunodetection and dot-blot hybridization using KGF and KGFR probes as detailed previously, 37, 38 and these results indicated that antisense probes were specific and had adequate sensitivity to be useful for in situ hybridization.
In Situ Hybridization
In situ hybridization was performed as described previously. 18 Briefly, paraffin sections of breast cancer were deparaffinized with toluene and rehydrated using serially graded ethanol solutions. The slides were treated with 0.2 N HCl for 20 min, 0.2% Triton X-100 in PBS for 10 min, and proteinase K (25 mg/ml, 371C, for 15 min), successively. After the slides were postfixed with 4% paraformaldehyde in PBS, they were immersed twice in 2 mg/ml glycine in PBS for 15 min. Hybridization was carried out at 371C for KGF and 421C for KGFR overnight in a medium containing 10 mM Tris-HCl (pH 7.4), 1 mM ethylenediaminetetraacetic acid, 0.6 M NaCl, 1 Â Denhardt's solution, 250 mg/ml yeast transfer RNA, 125 mg/ml salmon testis DNA, 10% dextran sulfate, 200 U/ml heparin, 10 mg/ml polyadenylic acid potassium salt, 40% deionized formamide, and 2 mg/ml T-T dimerized KGF probe or T-T dimerized KGFR probe. After hybridization, the slides were washed 3 times with 2 Â SSC/50% formamide/0.075% Brij 35 at 371C, twice with 0.5 Â SSC/50% formamide/ 0.075% Brij 35 at 371C for 1 h each, and finally washed twice with 2 Â SSC at RT for 15 min. The slides were subjected to enzyme immunohistochemistry. After incubation with blocking solution (5% BSA, 0.3 M NaCl, 100 mg/ml salmon testis DNA, 100 mg/ml yeast transfer RNA, and 500 mg/ml normal mouse IgG in PBS) for 1 h at RT, the slides were reacted overnight with HRP-mouse anti-T-T antibody (1:80) at RT. After washing with 0.075% Brij 35 in PBS, visualization of HRP sites was performed with H 2 O 2 and DAB in the presence of nickel and cobalt ions, according to the method of Adams.
34
Positive cells were evaluated based on the staining density over the level of staining with the sense probe using an image analyzer (DAB system; Carl Zeiss, Gö ttingen, Germany). To confirm the specificity of mRNA signals, a variety of control experiments were conducted. In every run, sense probe was used as a negative control. To evaluate the level of hybridizable RNAs in tissue sections, a 28S rRNA probe was used as a positive control in every case. 28 Furthermore, some sections were hybridized with antisense probe in the presence of an excess amount of unlabeled antisense or unlabeled sense probe to provide definitive evidence for the sequence specificity of the signal as described previously in detail. 38 
TUNEL Staining
To analyze internucleosomal DNA fragmentation as a hallmark of apoptosis, TUNEL was carried out according to the method of Gavrieli et al 39 with a slight modification. Briefly, the sections were deparaffinized with toluene and rehydrated in serially graded ethanol solutions. After washing with PBS, the sections were treated with proteinase K (0.1 mg/ ml, for 15 min at 371C) and rinsed once with distilled water. The sections were incubated with 1 Â TdT buffer (25 mM Tris-HCl buffer, pH 6.6, containing 0.2 M potassium cacodylate and 0.25 mg/ml BSA) alone for 30 min at RT. The sections were then reacted with 200 U/ml TdT dissolved in TdT buffer supplemented with 5 mM biotin-16-dUTP, 20 mM dATP, 1.5 mM CoCl 2 , and 0.1 mM dithiothreitol for 90 min at 371C. The reaction was terminated by washing with 50 mM Tris-HCl buffer (pH 7.4) and endogenous peroxidase activity was inhibited by immersing the slides in 0.3% H 2 O 2 in methanol for 15 min at RT. After incubation with 500 mg/ml normal goat IgG in 5% BSA in PBS for 1 h at RT, the sections were reacted with HRP-goat anti-biotin antibody (1:100, diluted with 5% BSA in PBS) overnight at RT. After washing with 0.075% Brij 35 in PBS, the HRP sites were visualized with H 2 O 2 and DAB in the presence of nickel and cobalt ions according to the method of Adams. 34 As a negative control, some sections were subjected to reaction without TdT.
Quantitative Analysis
The results of immunohistochemistry for KGF, KGFR, Ki-67, ER a, and ER b were graded as positive or negative, compared with the staining with IgG or serum of normal rabbit or mouse. For quantitative analysis, more than 2000 cancer cells were counted 
Statistical Analysis
All data for Ki-67 LI and frequency of apoptosis (TUNEL index or frequency of cells with nuclear fragmentation) were expressed as mean7s.d. Differences in Ki-67 LI or frequency of apoptosis were examined for statistical significance using the unpaired Student's t-test. Correlation between ER 
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N Tamaru et al expression and KGF and/or KGFR expression was examined using w 2 analysis. A P-value of less than 0.05 denoted the presence of a statistically significant difference. All analyses were performed with a statistical software package (StatView, version J 5.0; Abacus Concepts, Berkeley, CA, USA).
Results
Localization of KGF and KGFR in Normal Breast
Tissue and Breast Cancer KGF ( Figure 1a) and KGFR ( Figure 1b) were not detected by immunohistochemistry in normal breast tissue. In breast cancer tissue, however, KGF protein was detected in the cytoplasm of cancer cells and stromal cells (Figures 1c and 2a) . On the other hand, KGFR was exclusively detected in the plasma membrane and cytoplasm of cancer cells (Figures  1d and 2f) . When sections were reacted with normal rabbit IgG or serum, respectively, instead of the first antibody, no staining was found (Figure 1e and f) .
To confirm the expression of KGF and KGFR mRNAs in breast cancer, we performed in situ hybridization. RNA preservation in all specimens was evaluated by methyl green/pyronin Y staining, 40 and 23 cases with well-preserved RNA were selected for in situ hybridization. As shown in Figure 2 , KGF mRNA was detected in the cytoplasm of cancer cells and stromal cells (Figure 2b and c) , which was consistent with the results of immunohistochemistry (Figure 2a) . KGFR mRNA was detected in the cytoplasm of cancer cells (Figure 2g and h) , and the distribution of KGFR mRNA generally coincided with that of KGFR protein (Figure 2f-h) . To verify the specificity of the KGF and KGFR mRNA signals, we conducted various control experiments. When hybridized with KGF ( Figure 2d ) and KGFR ( Figure  2i ) sense probes, the staining was markedly reduced compared to that with KGF and KGFR antisense probes. Similarly, when adjacent sections were hybridized with KGF and KGFR antisense probes in the presence of a 100-fold excess amount of unlabeled corresponding antisense oligo-DNA, KGF and KGFR mRNA signal was markedly decreased (Figure 2e and j) . In the present study, 19 of 42 (45%) breast cancers expressed KGF protein in cancer cells and/or stromal cells. The number of KGFR-positive cases was 24 of 42 (57%). In total, 10 cases (24%) were KGF-and KGFR-negative, 13 cases (31%) were KGF-negative but KGFR-positive, eight cases (19%) were KGF-positive but KGFR-negative, and 11 cases (26%) were both KGF-and KGFR-positive.
Correlation between ER Expression and KGF and/or KGFR Expression
We examined the expression of ER a and/or b and their correlation with KGF and KGFR expression in breast cancer. ER a was detected in the nuclei of cancer cells in 29 of 42 (69%) cases (Figure 3a) . ER b was detected in the nuclei of cancer cells in 36 of 42 (86%) cases (Figure 3b ). In total, two cases were both ER a-and b-negative, 11 cases were ER a-negative, but ER b-positive, four cases were ER a-positive, but Keratinocyte growth factor in breast cancer N Tamaru et al ER b-negative, and 25 cases were both ER a-and bpositive. In both ER a-and b-positive cases, the distribution of ER a and ER b largely coincided (Figure 3a and b) .
As shown in Table 1 , all of 19 KGF-positive cases were ER a-positive, while all of 13 ER a-negative cases were KGF-negative (Po0.0001). On the other hand, 18 of 19 KGF-positive cases were ER bpositive, and five of six (83%) ER b-negative cases were KGF-negative. Eighteen of 19 (95%) KGFpositive cases were positive for both ER a and b (Po0.0001). To assess the direct relationship between KGF-positive cells and ER-positive cells, we performed double-staining for KGF and ERs. As shown in Figure 4a and b, colocalization of ER a or b and KGF in cancer cells was found, respectively. No significant correlation was found between ER expression and KGFR expression.
Correlation between KGF and/or KGFR Expression and TUNEL Index TUNEL staining was performed to evaluate the correlation between KGF and/or KGFR expression and the frequency of apoptosis. As shown in Figure 5 , the percentage of TUNEL-positive cells of both KGF-and KGFR-positive cases was 1.070.9%, which was significantly lower than that of other combinations such as both KGF-and KGFRnegative (3.872.4%, Po0.05), KGF-negative, but 
Correlation between KGF expression and ER a expression, ER b expression, or coexpression of ER a and b was examined by w 2 analysis, respectively. A P-value less than 0.05 denoted the presence of a statistically significant correlation. 
Relationship between ER a and KGF Expression in Breast Cancer Cell Lines
To assess whether KGF expression is associated with ER a expression, ER a-positive and negative human breast cancer cell lines were incubated in the presence or absence of 10 nM 17b-estradiol, and then KGF expression was examined by immunohistochemistry ( Figure 6 ). In ER a-negative SK-BR-3 ( Figure 6a and b) and MDA-MB-231 (data not shown) cells, KGF was not detected irrespective of the presence of 17b-estradiol. On the other hand, in ER a-positive MCF7 (Figure 6c and d) and ZR-75-1 (data not shown) cells, KGF was detected similarly in both conditions of 17b-estradiol.
Effect of KGF upon the Induction of Apoptosis in Breast Cancer Cell Lines Treated with Anticancer Drugs
As we confirmed the expression of KGFR protein by immunohistochemistry in MCF7 cells (data not shown), in which the expression of KGFR mRNA was reported, 41, 42 we conducted in vitro experiments to investigate the effect of KGF upon cell kinetics of MCF7 cells. When we counted the cell number in the presence or absence of 10 ng/ml KGF, no changes in the growth were observed (data not shown). However, when the cells were treated with 500 mg/ml cyclophosphamide or 25 mg/ml 5-fluorouracil in the presence or absence of 10 ng/ml KGF and the number of cells with nuclear fragmentation was counted after Hoechst 33342 staining, the frequency of cells with fragmented nuclei was dramatically decreased in the presence of KGF; 64 and 57% inhibition of the nuclear fragmentation were found in the case of cyclophosphamide and 5-fluorouracil, respectively, as shown in Figure 7 .
Discussion
In the present study, we first investigated the expression of KGF and KGFR in human breast cancers at the levels of mRNA and protein, by means of in situ hybridization and immunohistochemistry, respectively. We then attempted to correlate the expression of these molecules with various parameters such as ER a and b, Ki-67 LI, and TUNEL index. Consequently, we detected the expression of KGF in breast cancer cells as well as stromal cells, while KGFR was expressed exclusively in the cancer cells.
KGF is considered to be expressed exclusively in stromal cells, and not epithelial cells. 14, 15 Indeed, no expression of KGF was detected in normal mammary epithelial cells. In the present study, however, we found for the first time that breast cancer cells expressed KGF in 45% of cases. Since breast cancer cells expressed KGFR in more than 50% of patients, we could assume the formation of autocrine and/or paracrine loops of KGF and KGFR within the cancer tissues. KGF was also detected in ovarian cancer cells, and a possible autocrine action of KGF and KGFR has been implicated in ovarian cancer development. 43 Therefore, the expression of KGF in epithelial cells may not be so unlikely, especially in malignancy.
KGF has been also recognized as a steroid hormone-dependent growth factor in various organs; in rat prostate gland, the expression of KGF mRNA is regulated by androgen, 17 and in monkey uterus, KGF mRNA and protein expression Keratinocyte growth factor in breast cancer N Tamaru et al appears to be dependent upon progesterone. 18 Estrogen-dependent elevation of KGF mRNA expression was reported in isolated stromal cells from human breast cancer in vitro 20 and in mouse mammary gland in vivo. 44 In the present study, KGF expression was tightly associated with ER a expression in surgical specimens of human breast cancer tissues, and KGF was expressed only in ER apositive human breast cancer cell lines, MCF7 and ZR-75-1. Although unexpectedly, the expression of KGF in these cells was not affected significantly by the presence or absence of estrogen, ER a-dependent regulation of KGF expression may be in a ligandindependent manner. Indeed, estrogen-independent activation of ER by growth factors such as EGF 45 and IGF-1 46 and by the elevation of cAMP 45, 46 was already known. Considering that promoter of KGF gene harbors semi-palindromic consensus sequences of the estrogen responsive element, 47 our present study showing coexpression of KGF and ER a in human breast cancer cells provides further evidence of the ER a-dependent regulation of KGF expression.
In the present study, the coexpression of KGF and KGFR in breast cancer tissue was significantly correlated with a lower frequency of TUNELpositive cells. Moreover, KGF inhibited the induction of apoptosis by anticancer drugs in MCF7 cells in vitro. These results seem to indicate antiapoptotic effect of KGF in breast cancer cells. Antiapoptotic effect of KGF was previously reported in human keratinocytes, 22 human prostate cancer cells, 21 and intestinal epithelium of total parenteral nutrition model mouse. 23 In human prostate cancer cells 21 and mouse intestinal epithelium, 23 Bcl-2 is implicated in antiapoptotic effect of KGF. In human breast cancer, Bcl-2 is suggested to inhibit apoptosis, and lower frequency of apoptosis is reported to be a better prognosis marker. 48, 49 In this context, KGF might inhibit apoptosis through the elevation of Bcl-2 level in human breast cancer, and coexpression of KGF and KGFR could be correlated with a better prognosis, though the direct relationship between KGF expression and prognosis remains unclear at present.
In the present study, no correlation was found between coexpression of KGF and KGFR and Ki-67 LI in human breast cancer. In fact, it has been known that KGF induces cell differentiation and suppresses cell proliferation in some cases. For example, KGF is known to promote the differentiation of keratinocytes derived from human neonatal foreskin 24, 25 as well as human lung squamous cell carcinoma. 26 In human salivary gland tumors, loss of KGFR expression was observed in the process of malignant transformation. 50, 51 Similarly, in prostate cancer, loss of KGFR expression was accompanied by the switch from androgen-sensitive, slow-growing tumors to androgen-insensitive, more aggressive tumors. 52 Therefore, KGF may play a pivotal role in the regulation of cell kinetics.
In conclusion, we have confirmed the expression of KGF and KGFR in human breast cancer cells at the level of both mRNA and protein, and have found a close association of KGF expression with the presence of ER a. And we have further indicated that KGF may play an inhibitory role in the induction of breast cancer cell apoptosis, raising a possibility that KGF may give resistancy against anticancer drugs to the cancer cells. 
